D
epressive symptoms are common in a variety of medical illnesses. The prevalence of significant depression in patients with medical illnesses ranges from 9.4% to 12.9%, compared with rates of 5.8% to 8.4% in the general population. 1 Previous reports have shown that the level of depressive symptoms is higher in patients with obstructive sleep apnea (OSA) than in age and sexmatched controls. 2 The level of depressive symptoms has been reported to have a positive correlation with the respiratory disturbance index 3 or the Epworth Sleepiness Scale (ESS). 4, 5 The degree of desaturation has been shown to be positively correlated with sleepiness, 6 fatigue, 7 and depression in a sample that included predominately men. 8 In samples that have not included medically ill subjects, depressive illness is more prevalent in women than in men. Although some investigators have reported that a history of depression is more common in women with OSA than in men with OSA, 9 others have not found any difference in active depressive symptoms between men and women at the time of OSA diagnosis. The goal of our study was to identify the relationship of active depressive symptoms to age, sex, sleepiness, and severity of OSA disease. We hypothesized that active symptoms of depression would be more severe and more prevalent in women than in men with OSA.
METHODS
Charts of adult patients with polysomnography (PSG)-confirmed moderate to severe OSA 10 diagnosed in the sleep lab of Wake Forest Baptist Medical Center were reviewed after approval by the local Institutional Review Board. All patients completed a Beck Depression Inventory (BDI) and ESS within a week of PSG testing. BDI scores were categorized as none (0-9), mild (10-18), or moderate to severe(≥19) levels of depressive symptoms.
11 PSG testing included measurement and scoring of sleep, in addition to measurement of airflow, respiratory effort, oximetry, anterior tibialis electromyogram, and electrocardiogram. 12 All PSG testing was conducted for between 6 and 7 hours during the patient's typical sleep schedule. Apneas and hypopneas were scored according to American Academy of Sleep Medicine 10 guidelines, whereas desaturations were declared for a 4-point drop in arterial saturation. 10 Linear models for BDI were created using backward stepwise regression with the goal of finding the most parsimonious predictors of BDI, with the highest adjusted R 2 . The independent variables were age, sex, ESS, RDI, number of desaturations, and desaturation nadir. Correlation between variables was completed with Pearson r, and between-groups testing of the means of single variables was conducted with 2-sided t tests. 
RESULTS
The final sample included 92 men and 29 women, with a mean age of 54.7 ± 14.1 years. Polysomnographic variables showed that both men and women had a comparably severe degree of OSA, whereas ESS scores showed comparable degrees of moderate sleepiness. (Table 1 ) Several measures of OSA severity were intercorrelated, as expected ( Table 2) . The best linear model for BDI included only sex and "desaturation nadir" (F = 11.9, df = 2,109, p < .0001, and adjusted R 2 = 0.16). Age, sleepiness, RDI, number of desaturations, and mean desaturation were not related to BDI in this sample. Higher levels of depressive symptoms were reported by women than by men (Table 1) . Among all patients, 44.6% had at least mild depressive symptoms, including 62% of women and 39% of men (χ 2 = 4.7, df = 199, p < .05). In the entire sample, 11.6% had at least moderate depressive symptoms, including 28% of women versus 6% of men (χ 2 = 8.2, df = 119, p < .01). Analysis of the relationship between BDI and desaturation nadir showed no relationship between these variables for men (r = 0.07, p = 0.5), but, in women, there was a positive relationship between desaturation nadir and BDI (r = 0.48, p < .05).
DISCUSSION
Depressive symptoms in this sample of patients with moderate to severe OSA showed a prevalence rate comparable to that typically reported in the medically ill. Women with OSA were more likely to report depressive symptoms and reported a more-severe level of depressive symptoms than did men with OSA, suggesting that the same sex associations seen with depression in medically healthy persons are also operating in women with sleep apnea. We did not find an association between degree of sleepiness and depression, contrary to the report of others, 4 but the Kjelsberg study was conducted after treatment for OSA was already initiated, whereas our assessments were conducted prior to treatment.
The finding of a positive relationship between BDI scores and the arterial desaturation nadir was surprising and unexpected. Prior studies of symptom reports in patients with OSA have shown worse desaturation to be correlated with worsening sleepiness, 6 fatigue, 7 and depression symptoms. 8 In particular, a prior study showing an association between worse desaturation nadir and worse baseline depression scores was conducted in a smaller sample that was 94% male, and, hence, that study was unable to examine specific relationships of sex and depression in patients with OSA. 8 Our findings suggest that depressive symptoms in female patients with OSA originate from factors other than traditional measures of OSA severity and that depressive symptoms deserve special consideration in women with OSA.
This study has several limitations, including the unavailability of sleep-stage information for this sample, and it is possible that interruption of normal sleep architecture may be another mediating factor in the expression of depressive symptoms. Our measure of depression symptoms-the BDI-may also be subject to floor effects that could limit our ability to detect relationships between depression and OSA severity in men, and it would have been desirable to have examined specific items among the 21 items of the BDI to examine whether there are differences among sexes in somatic versus cognitive/affective dimensions of depression. Further, psychotropic medication status, prior history of psychiatric disorders, and the presence or absence of insomnia complaints could be other causative factors that were not analyzed in this study. In particular, the differing prevalence of insomnia symptoms in men and women with OSA may be better than symptoms of excessive daytime sleepiness in predicting depression symptoms. Depression and OSA
